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0 EXHAUST EMISSION CONTROL DEVICE AND STRUCTURAL BODY THEREOF 

OAbstract: 

IRPOSE: To enable regenerative efficiency and durability to be improved 
d also to facilitate the temperature control in regeneration by raising 
nperature without temperature nonuniformity in a short period. 
)NSTITUTION: One exhaust emission control device 10 is constituted by 
mbining and arranging twelve pieces of filters 3, 4 formed into a 
neycomb shape by a porous silicon carbide sintered body. Heaters 5 as a 
ating element are provided on the outer peripheral part of the filters 3, 4. 
seal member 8 serving as a heat resistant filling material is interposed 
tween the filters 3, 4 adjacent to each other, and its periphery is covered 
a heat insulating member 9. 
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AIMS 



aim 1 ] The exhaust gas purge characterized by making a heating element (5) intervene between said adjoining filters 
1) while more than one adjoin and arranging the filter made from a ceramic sintered compact (3 4) which has porous 
icture. 

aim 2] The exhaust gas purge according to claim 1 characterized by making the quality of heat-resistant packmg (8) 
srvene between said adjoining filters (3 4). 

aim 3] Said heating element (5) is an exhaust gas purge according to claim 2 characterized by being arranged 
ween said filter (3 4) and said quality of heat-resistant packing (8). 

aim 4] The presentation of said heat-resistant restoration matter (8) is an exhaust gas purge according to claim 2 or 3 
iracterized by being a ceramic fiber, silicon carbide powder, and an inorganic binder. 

aim 5] Said quality of heat-resistant packing (8) is an exhaust gas purge given in claim 2 characterized by carrying 
extrusion molding to the shape of a paper thru/or any 1 term of 4. 

aim 6] An exhaust gas purge given in claim 2 characterized by having arranged the heat insulator (9) of thermal- 

>ansion nature which consists of a ceramic fiber to the outermost periphery thru/or any 1 term of 5. 

aim 7] The construct of the exhaust gas purge constituted with the heating element (5) prepared in the periphery 

tion of the filter made from a ceramic sintered compact (3 4) which has porous structure, and its filter (3 4). 

aim 8] Said filter (3 4) is the construct of the exhaust gas purge according to claim 7 characterized by being formed 

he shape of a honeycomb with the porosity silicon carbide sintered compact. 

aim 9] Said filter (3 4) is the construct of the exhaust gas purge according to claim 8 characterized by for an average 
e diameter being 1 micrometer - 50 micrometers, and porosity being 30% - 70%. 



anslation done.] 
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TAILED DESCRIPTION 



tailed Description of the Invention] 
01] 

iustrial Application] This invention relates to the exhaust gas purge of the type which burns the particle in the 
aust gas which started the exhaust gas purge for purifying an internal combustion engine's exhaust gas, and its 
struct, especially carried out uptake with the heat of an electric heater, and its construct. 
02] 

ascription of the Prior Art] Conventionally, the filter using the ceramic ingredient as a filter used for the so-called 
aust gas purge of an electric heater playback type is proposed. Moreover, generally as such a ceramic ingredient, 
dierite (2MgO, 2aluminum2 03, and 5Si02) etc. is known well. And the filter with honeycomb structure etc. is 
ned by using this ingredient. 

03] Usually, an electric heater is arranged in the end side of this kind of filter as a heating element for heating a filter 
•redetermined temperature (600 degrees C - 800 degrees C) at the time of playback. And if energization to an electric 
ter is performed, the particle by which uptake was carried out to the end side of a filter will light, and, finally they 
I burn. 

04] However, since the filter was heated only from the one side side by the radiant heat of a heater in the case of the 
jr which has the above-mentioned configuration, there was a fault that a temperature gradient tends to be made in a 
ting surface and a non-heating surface. Moreover, when playback was continued in this condition, it originated in the 
ormal combustion of a particle, and the temperature in a filter rose still more nearly locally and there was a problem 
inally resulting in generating and the erosion of a crack for a short period of time. For this reason, it set to the former 
the cure of controlling the terms and conditions at the time of playback (the amount of uptake, 1 heater temperature, 
resistance welding time, the amount for combustion of air supply, engine service condition, etc.) etc. was taken. 
05] ~ 1 

Dblem(s) to be Solved by the Invention] However, it was not easy for the factor which influences a playback 
dition to control these factors strictly as mentioned above, plurality and since it is complicated. Moreover, since it 
j the method heated by radiant heat, there was also un-arranging [ that the temperature of a heater did not necessarily 
i into temperature of a filter ]. And even if the computer etc. performed strict control, it was very difficult to prolong 
life of a filter in 2000 hours or more. 

06] Then, as a policy which cancels said heater end-face arrangement type of fault, it is possible to wind an electric 
ter around the peripheral face of a filter, for example. That is, this approach tends to make small the temperature 
dient in the filter at the time of playback as much as possible by heating the whole filter from a peripheral face side. 
07] However, even if it was the filter of the above heater peripheral face arrangement molds, when the filter itself 
; enlarged, it was expected that it becomes difficult to fully cancel the temperature gradient in a filter. Moreover, it 
; expected that the time amount for carrying out the temperature up of the filter to regenerating temperature also 
omes long in this case. 

08] This invention is made in view of the above-mentioned situation, since the temperature up of the purpose can be 
ried out that there is no temperature nonuniformity in the inside of a short time, regeneration efficiency and 
urance can be raised, and it is in offering the exhaust gas purge which can moreover make easy temperature control 
he time of playback, and its construct. 
09] 

2ans for Solving the Problem] In order to solve the above-mentioned technical problem, while more than one adjoin 
. arranging the filter made from a ceramic sintered compact which has porous structure, by invention according to 
m 1, the exhaust gas purge characterized by making a heating element intervene between said adjoining filters is 
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le into the summary. fl| . 

1 01 In this case the quality of heat-resSfant packing may be made to intervene betflWn adjoining tilters, or a heating 
nent may be arranged between a filter and the quality of heat-resistant packing. Moreover, the presentation of the 
t-resistant restoration matter may be used as a ceramic fiber, silicon carbide powder, and an inorganic binder, or that 
vhich extrusion molding was carried out to the shape of a paper as heat-resistant restoration matter may be used, 
thermore, the heat insulator of thermal-expansion nature which consists of a ceramic fiber may be arranged to the 

;rmost periphery. . , 

1 1 1 The construct of the exhaust gas purge which consisted of invention according to claim 7 with the falter made 
n a ceramic sintered compact which has porous structure, and the heating element prepared in the periphery section 
he filter is made into the summary. In this case, a filter may be formed in the shape of a honeycomb with a porosity 
;on carbide sintered compact, or an average pore diameter may be set to 1 micrometer - 50 micrometers, and porosity 
/ be made 30% - 70%. 
12] 

nction] Since the filter which has each heater in the perimeter will be heated according to invention according to 
m 1 an exhaust gas purge will be heated on the whole and uniformly from the interior. Therefore, an exhaust gas 
ee carries out a temperature up that there is no temperature nonuniformity in the inside of a short time. 
13] According to invention according to claim 7, since the heating element is beforehand prepared m the periphery 
don of a filter it will become very convenient as a construct when constituting the above exhaust gas purges, 
reover, if it is'this configuration, since it will be in the condition that the filter and the heating element touched, it 
els in heating effectiveness and becomes the good thing of temperature flattery nature. 

14] Hereafter, the exhaust gas purge of this invention and its construct are explained to a detail. It is desirable to 
<e the quality of heat-resistant packing intervene between adjoining filters in this invention. The reason is for 
venting decline in the purification effectiveness by the air leak by filling the opening made when two or more filters 
combined. Moreover, the quality of heat-resistant packing also has a duty as adhesives for aiming at junction of 

151 In addition as for said quality of heat-resistant packing, it is desirable to have resiliency, thermal conductivity, 
alation etc. other than thermal resistance. If excelled in resiliency, even when thermal stress will join a filter with 
ting it is because the thermal stress is certainly releasable. Moreover, it is because the heat of a heatmg element will 
iduct that there is no nonuniformity in each filter promptly and the temperature gradient inside an exhaust gas purge 
1 also become small, if excelled in thermal conductivity. Furthermore, it is because short-circuit of the heating 
ments prepared adjacently can be prevented if excelled in insulation. 

1 6] As for the presentation of the heat-resistant restoration matter, it is desirable that they are a ceramic fiber, silicon 
bide powder and an inorganic binder. The quality of packing which consists of this presentation is because it has the 
rmal resistance which the above-mentioned quality of heat-resistant packing is expected, resiliency, thermal 
iductivity, insulation, etc. In this case, as a suitable ceramic fiber, there are an alumina-silicate ceramic fiber, an 
mina fiber, a zirconia fiber, a silicon carbide fiber, a silica fiber, etc., for example. 

•171 And it is desirable to use that by which extrusion molding was carried out to the shape of a paper as quality ot 
it-resistant packing. It is because the activity when arranging the quality of heat-resistant packing becomes easy in 
er for what is necessary just to be to twist that it is such a configuration around the peripheral face of a filter, 
il 8] It is desirable to arrange a heating element between a filter and the quality of heat-resistant packing in this 
ention That is, it is because the short-circuit between adjoining heating elements can be prevented beforehand by 
isidering as the configuration which covered the heating element with the quality of heat-resistant packing. 
>reover, it is because the conductivity of the heat from a heating element to a filter becomes it good that it is such a 

lfiguration method. . ~, , , 

H91 It is desirable to arrange the heat insulator of thermal-expansion nature which consists of a ceramic fiber to the 
:ermost periphery in this invention. Since the heat insulator of thermal-expansion nature here has elastic structure, it 
jits out the thing of a heat insulator with the function to release thermal stress. 

)20] The reason is for making the energy loss at the time of playback into min by preventing that heat escapes from 
outermost periphery of an exhaust gas purge. Moreover, it is for preventing a location gap of the filter by vibration 
the pressure and transit of exhaust gas etc. by expanding a ceramic fiber with the heat at the time of playback. In 
iition, it is good to use the various ceramic fibers (except for a silicon carbide fiber) previously mentioned as an 
iect for heat-resistant restoration matter also about a heat insulator. 

)211 Moreover as for a filter, in this invention, it is desirable to be formed in the shape of a honeycomb of a porosity 
con carbide sintered compact. A porosity silicon carbide sintered compact is because it excels in thermal resistance 
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thermal conductivity. It is because pAe loss is small even when the amount ofAke of a particle is increased 
is a honevcomb-like filter. Furthermost is desirable to set an average pore diamWto 1 micrometer -50 
rometers and to make porosity 30% - 70%. The blinding of the filter according that an average pore diameter is less 
i 1 micrometer to deposition of a particle becomes remarkable. On the other hand, since it becomes impossible to 
y out uptake of the fine particle when an average pore diameter exceeds 50 micrometers, collection efficiency will 

>21 A filter becomes it precise that porosity is less than 30% too much, and there is a possibility that it may become 
"ossible to circulate exhaust gas inside. Therefore, the uptake of a particle may become impossible On the other 
d, when porosity exceeds 70%, there is a possibility that may become weak in reinforcement and the collection 
ciency of a particle may fall into a filter since an opening increases too much. 

ample] Below, the example which materialized this invention to the exhaust gas purification system for diesel power 
its is explained in detail based on drawingj, - drawing 7 . , B<1 A<).„f 

241 As shown in drawing 6 , the exhaust gas purification system 1 is equipped with the metal casing 2. Path 2a ot 
ine 2 is connected to the exhaust pipe way Ea of the diesel power plant E as an internal combustion engine. In casing 
i order to remove the particle in the gas discharged from a diesel power plant E, the exhaust gas purge 10 is 

^Tas shown in drawing.4 , the exhaust gas purge 10 of this example is constituted by eight prismatic form filters 3 
four cross-section rectangular equilateral triangle-like filters 4. 

261 As shown in drawing 1 - drawing 3 , cross-section abbreviation square-like free passage hole 3a is regularly 
ned in the prismatic form (33mmx33mmx 150mm) filter 3 along the direction of an axis. Each free passage hole 3a is 
tuallv separated by with a thickness of 0.3mm wall 3b. The closure of the end of either the exhaust gas inflow side of 
h free passage hole 3a or an outflow side is carried out to the shape of a checker by piece of the closure 3c made^ 
Ti a porosity sintered compact. Consequently, the eel CI which carries out opening to eite the inflow side of a filter 
,r an outflow side and C2 It is in the condition of having been formed. A eel CI and C2 The oxidation catalyst which 
isists of platinum group metals, other metallic elements, its oxide, etc. is supported by wall 3b. Moreover, the filter 4 
the same configuration as a filter 3 except for a cross-section configuration being a rectangular equilateral tnangle- 
• And in the case of the filters 3 and 4 of this example, an average pore diameter is set as 14 micrometers for 0.3mm 
fa eel pitch, and the thickness of a cell wall is set as 1 .8mm for the pore diameter 40% 

271 As shown in drawingj. - drawing 5 , the heater 5 as a heating element is joined to the peripheral face of filters 3 
1 4 In this example, said heater 5 is an tantalum wire with a diameter of 2mm crooked in the shape of a waye. 
.reover in this example, heater 5 comrades of each filters 3 and 4 are connected to the serial. As shown in dxawmg| , 
end of a heater 5 is electrically connected to the dc-battery (12V) 7 through wiring 6. In this ca^e, the dc-battery of 
/ may be used instead of the dc-battery 7 of 12V. Moreover, the power sources (the home power source of 100V or 
iree power supply of 200V) of the high voltage may be used rather than said dc-battery 7 

.281 As shown in drawjng4 and drawing 5 , each filters 3 and 4 are covered with the sealant (2.5mm in thickness) 8 
the shape of a paper as quality of heat-resistant packing. Therefore, in the case of this exhaust gas purge 10, it is in 
adjoining filter 3 and the condition that the heating element 5 made it intervene among four. Moreover, the heat 
ulator 9 with a thickness of 1 5mm is arranged by the outermost periphery of the exhaust gas purge 1 0. 
1291 Next an example of a procedure which manufactures this exhaust gas purge 1 0 is introduced. After carrying out 
t blending of the mixed powder of 70 % of the weight of alpha mold silicon carbide powder, and 30 % of the weight 
beta mold silicon carbide powder, into mixture, an organic binder (methyl cellulose) and water are added a 
determined daily dose every, and are kneaded. And a honeycomb-like Plastic solid is acquired by carrying out 
xusion molding of this kneading object. Subsequently, a Plastic solid is dried using the dryer by microwave^ 
rthermore after closing free passage hole 3a of a Plastic solid with the paste for the piece of the closure 3c formation 
tde from a porosity sintered compact, the paste for piece of the closure 3c is again dried using a dryer. And after 
greasing a desiccation object at 600 degrees C, it is further calcinated at 2200 degrees C under an argon ambient 
nosphere. Consequently, the honeycomb-like filters 3 and 4 are obtained by porosity. 

)301 Here extrusion molding of what mixed and kneaded the ceramic fiber (alumina silicate ceramic fiber) 75 weight 
•tion the silicon carbide powder 10 weight section, and the silicon dioxide 15 weight section as an inorganic binder is 
Tied out to the shape of a sheet with a thickness of 3mm. And the construct S which comes to join a heater 5 to the 
ripheral face of each filters 3 and 4 is covered with the sealant 8 of the shape of said sheet. Next, me construct S 
vered with the sealant 8 is combined. Finally, the outermost periphery of Construct S is covered with the heat 
;ulator (63 % of the weight of ceramic fibers, 7 % of the weight of alpha-sepiohtes, 20 % of the weight of non- 
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>anded vermiculites, 10 % of the wei^^f organic binders) 9 of a ceramic fiber, the desired exhaust gas purge 

as shown in drawin g 4 is obtained. 

•3 1 ] Then, the above-mentioned exhaust gas purge 10 is arranged to a position, and it explains that the exhaust gas 
en starting a diesel power plant E flows. As shown by the arrow head Al in drawing 2 , exhaust gas is introduced in 
eel CI which carries out opening to the inflow side of filters 3 and 4 first. Subsequently, exhaust gas is C2 which 
.ses and carries out opening of the wall 3b to a eel [ adjoining ] C2, i.e., outflow, side. It is introduced inside. At this 
e, migration of the particle contained in exhaust gas is prevented by wall 3b. Therefore, the trap only of the particle 
:arried out to wall 3b. And the purified exhaust gas is the eel C2 which carries out opening to an outflow side. It will 
ape from inside and, finally will be discharged from filters 3 and 4. 

62] In the case of the exhaust gas purification system 1 of this example, as shown in drawing 6 , the pressure sensor 
is installed in the location of the upstream of the exhaust gas purge 10 in the exhaust pipe way Ea. This pressure 
isor Ps is electrically connected to the piezoelectric-crystal element Pe. And a piezoelectric-crystal element Pe 
puts a predetermined electrical signal to a control unit C based on the detection signal outputted from a pressure 
tsor Ps. A control unit C turns on and off the switch Sw formed on wiring 6 based on the detection signal from a 
zoelectric-crystal element Pe. 

33] Moreover, the air supply pipe calcium is arranged in the location of the downstream of the exhaust gas purge 10 
he exhaust pipe way Ea. The air supply pipe calcium is connected to Compressor Co. For this reason, at the time of 
yback, the secondary air for promotion of combustion is supplied in the exhaust pipe way Ea through the air supply 
e calcium 

64] Next, the characterization trial performed where the exhaust gas purges 3 and 4 are built into the above exhaust 
i purification systems 1 is explained. In this characterization trial, two kinds of exhaust gas purges made from 
dierite were produced as examples 1 and 2 of a comparison over an example. As shown to drawing 7 (b) by the 
imple 1 of a comparison, it is a heater HI to the periphery section of Filter F. It wound. As shown to drawing 7 (c) by 
example 2 of a comparison, it is a heater H2 to the downstream end face of Filter F. It arranged. 
135] And the diesel power plant E was operated and uptake of the particle in the exhaust gas by the exhaust gas purge 
was performed first. The control unit C was made to supervise the pressure variation in the uptake exhaust pipe way 
which can be set working in that case. And uptake actuation was continued until said pressure value reached constant 
ue. When the amount of the particle by which uptake was carried out in the meantime was computed, it was 15g/l. In 
iition, this calculation value makes the volume of the exhaust gas purge 10 the total amount of a gas passage part, and 
calculated based on the weight change before and after uptake processing. 

136] After detecting completion of uptake actuation, the energization to a heater 5 was started by closing Switch Sw 
h a control device C shortly. After predetermined time progress (after temperature up process termination), 
mpressor Co was operated from energization initiation, and the secondary air for promotion of combustion was 
>plied at a rate for 20cm3/from the air supply pipe calcium. 

137] and it is shown in drawing 7 (a) - as - the exhaust gas purge 10 - each - location PI -P6 Temperature Tl -T6 
ich can be set It measured with time with the thermocouple, the examples 1 and 2 of a comparison - the same - each 
ocation PI -P6 Temperature Tl -T6 which can be set It measured. 

)38] After starting energization in this trial, it is temperature Tl -T6. The process until the average becomes 600 
grees C was made into the "temperature up process." Moreover, the process after a temperature up process is 
Bpleted and supply of secondary air starts until combustion of a particle is completed was made into the "renewal 
>cess." And the time amount (minute) which the temperature up process and the renewal process took was found, and 
:se sums were made into the resistance welding time (minute), furthermore - each of a temperature up process and a 
lewal process - each - location PI -P6 It asked for maximum temperature-gradient deltaT (degree C) which can be 
. These results are shown in Table 1 . 

)39] Moreover, time amount (time amount) until the filters 3 and 4 which constitute the exhaust gas purge 10 from 
s trial result in a crack was also investigated. Said trial was similarly performed about the examples 1 and 2 of a 
mparison. The result is shown in Table 2. 
)40] 
able 1] 
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121 The time amount which a temperature up process takes in the example, and the time amount which a renewal 
>ess takes were short compared with the examples 1 and 2 of a comparison so that clearly from Table 1 . and - each - 
Sation PI -P6 Maximum temperature-gradient deltaT (degree C) which can be set was small compared with the 
moles 1 and 2 of a comparison. t .. . A 

431 That is according to this example, the temperature up of the exhaust gas purge 10 can be earned out that there is 
emperature nonuniformity in the inside of a short time, and it means that it is reproducible in a short time. Moreover, 
the time amount which a temperature up process and a renewal process take becomes short means that the total 
stance welding time becomes short. Therefore, according to the example, it will be said that little electrical energy 
perform efficient playback, and the case of an example -- each - location PI -P6 Since maximum temperature- 
iient deltaT (degree C) which can be set becomes comparatively small, there is an advantage that temperature 
trol at the time of playback can be made easy. j a u • 

441 Moreover it was not said by use which exceeds 20000 hours in the example that filters 3 and 4 result m a crack 
hat clearlv from Table 2. It was impossible for it to have been equal to use of 2000 hours in the example 2 of a 
iparison to it with the example 1 of a comparison for 3000 hours. That is, it turns out that the exhaust gas purge 10 of 
example is extremely excellent in endurance as compared with the examples 1 and 2 of a comparison. 
451 Furthermore according to the configuration of the exhaust gas purge 10 of this example, it was checked that 
/back can be ensured even if the amount of supply of secondary air was little. Therefore, there was an advantage that 
npressor Co was also small and became good. , , j • 4 ^ 

461 In addition it is not limited only to the above-mentioned example and this invention can be changed into the 
owing configurations. For example, the number of combination of the (a) construct S may not be 12 pieces like said 
mole and it is possible to make it the number of arbitration. In this case, of course, it is also possible to use it, 
nbinine different constructs S, such as size and a configuration, suitably. In addition, it is advantageous to take the 
ifiguration characterized by combining two or more constructs S, especially when producing a large-sized exhaust 

Avfb) The exhaust gas purge 10 of said example can be caught even if one big filter will be divided into plurality 
ne the direction of an axis so to speak. The modification of changing into the condition which divided the filter in the 
pe of a doughnut, the condition of having divided at right angles to the direction of an axis, etc. there is also 

48lTcf of course it is possible for it not to be restricted only to the filters 3 and 4 of the shape of a honeycomb as 

,wn in said example, for example, to adopt the shape of the shape of the shape of a tiiree-dimensional network and 

m and a noodle and a fiber etc. Moreover, as a filter 3 and a ceramic ingredient for four, even if it chooses things 

ier than silicon carbide, it is easy to be natural. . 

)491 (d) It is not limited only to a heater 5 being a metal wire like the above-mentioned example. That is, a heater 5 

i be produced also by approaches, such as printing of metal metallizing and conductive paste, and sputtering. 

,501 ( e ) The sealant 8 as quality of heat-resistant packing may not necessarily be the thing of the shape of a paper like 

example. For example, you may be the approach of forming the layer which consists of quality of heat-resistant 

;king, by applying the slurry before fabricating in the shape of a paper to the peripheral face of filters 3 and 4 directly. 

)511 (f) Moreover, in the manufacture approach of the above (e), said both slurries may be extruded from one 
truding press machine to coincidence using the slurry a filter 3 and for 4 formation, and the slurry for the nature 
atification of heat-resistant packing. That is, it performs extruding the slurry a filter 3 and for 4 formation from the 
iter section of the fixture of an extruding press machine, and extruding the slurry for the nature stratification of heat- 
; istant packing from the periphery section of said fixture to it and coincidence. According to this approach, Construct 
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efficiently producible by short time ^Aiiu. Jfc 

52] (g) When it constitutes the exhausts purge 10, it is not necessary to necessarT^use for filters 3 and 4 the 
struct S which comes to prepare a heater 5 like said example. For example, after combining two or more filters 3 and 
heater 5 can be inserted in the opening between the adjoining filter 3 and 4, and the exhaust gas purge 10 can also 
produced with the procedure of filling up this opening with the slurry for the nature stratification of heat-resistant 

53] 8 (h) Each heater 5 may be replaced with the example made serial wiring, and they may be made juxtaposition 

ing. 

54] 

feet of the Invention] Since a temperature up can be carried out that there is no temperature nonuniformity in the 
de of a short time according to the exhaust gas purge of this invention, and its construct as explained in full detail 
ve, regeneration efficiency and endurance can be raised and the outstanding effectiveness that temperature control at 
time of playback can moreover be made easy is done so. 
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